I mprovement in the life expectancy of patients with primary bone tumours has led to increased emphasis on limb salvage and preservation of function.
The advent of computer-assisted imaging techniques, improved neoadjuvant chemotherapy, and better implant design have allowed more limb-conservation procedures to be performed for patients with high-grade primary bone malignancy. In the past, many such patients were treated by amputation with the consequent social, psychological and economic cost (Sim, Ivins and Pritchard 1978; Boyle et al 1982) . Now, most patients prefer preservation of the limb and its function (Harris et al 1990) . If adequate margins of excision are achieved the freedom from further disease and the overall survival after treatment by limb-saving surgery are now similar to those after amputation (Goorin et al 1978; Simon et al 1988; Springfield et al 1988; Shin, Rougraff and Simon 1994) .
Resection of a segment of the diaphysis for a primary malignant bone tumour is a subjective decision, based on assessment of the staging studies. The advantages of a diaphyseal resection, as opposed to excision of the end of a long bone, include the preservation of joint function, more reliable bone reconstruction, preservation of the epiphyses in children and the prospect of less long-term mechanical problems. The margins of excision, however, must not be compromised by an attempt to leave the joint intact.
Reconstruction of the defects created by excision of diaphyseal tumours can be achieved by bone autografts, allografts or by prostheses. Autologous grafts are ideal and are particularly useful in the replacement of short segments. Their disadvantages include their limited sources, difficulty in matching the shape and size of the graft to the defect and morbidity at the donor site. The use of allografts allows the reconstruction of ligaments, accurate matching of the graft to the defect and incorporation of the graft to the host bone. The disadvantages are the potential for disease transfer from the donor to the patient, the long period of time required for bone union, the possibility of fractures and nonunion, and the high incidence of infection and graft failure (Gebhardt et al 1991) .
Custom-made prostheses allow early return of function but are liable to undergo loosening, wear and breakage. There is discussion as to whether skeletal reconstruction is best undertaken by endoprostheses or allografts. The decision as to which reconstructive technique should be used depends on the location and extent of the tumour spread and the preference of surgeon and patient.
We describe the results of prosthetic reconstruction of diaphyseal defects of long bones in patients with aggressive tumours.
PATIENTS AND METHODS
Between March 1979 and April 1994 at the Royal Orthopaedic Hospital, Birmingham, we treated 18 patients with tumours of the diaphysis of long bones in the upper and lower limbs by excision and endoprosthetic reconstruction. There were 14 males and 4 females of mean age 26 years (9 to 64). Histological examination showed Ewing's sarcoma in ten, osteosarcoma in four, malignant fibrous histiocytoma in two and chondrosarcoma and giant-cell tumour in one each. The primary site of the tumour was the femur in ten patients, soft-tissue sarcoma of the thigh with local involvement of the femur in three, and the tibial and humeral diaphyses in three and two patients, respectively. The mean length of bone resected was 21 cm (16 to 28). The clinical data of the patients are given in Table I . Preoperative planning and operative technique. Before operation all the patients are assessed to determine the extent of the local disease and the presence of distant metastases by clinical assessment, plain radiography, radioisotope bone scans, chest CT and, in some instances, CT of the local site. MRI is mandatory in every patient to define the extent of the lesion, the involvement of the soft tissues, particularly the neurovascular bundle, and the level of bone transection. Routine haematological and biochemical tests include a full blood count, the ESR, a serum biochemical profile and the serum level of lactate dehydrogenase.
Biopsy must be performed in the unit where excision of the tumour and prosthetic reconstruction are to be carried out. Clearance biopsy is also required to confirm the absence of neoplasm at the proposed level of bone transection as determined by MRI (Fig. 1) . These biopsies are taken from two sites at about 3 cm and 5 cm proximal and distal to the lesion, with a view to resecting a length of bone 5 cm beyond the obvious proximal and distal extent of the tumour. With the increasing accuracy of tumour assessment by MRI it will be possible to decrease these generous margins of resection. Measurement radiographs are obtained after the clearance biopsy and marked at the appropriate level for bone transection. The presence of the hole for clearance biopsy identifies the level for bone transection during the operation. Based on these radiographs all the prostheses are custom-made at the Department of Biomedical Engineering, The Royal National Orthopaedic Hospital, Stanmore, London. In general, the shortest length of bone suitable for fixation of the prosthesis is 5 cm, but in this short segment fixation is risky because of the possibility of early loosening.
The operation includes excision of the biopsy track and en-bloc excision of the tumour fully covered by normal tissue. A continuous infusion of intravenous cefuroxime is given throughout the procedure. The prosthesis (Fig. 2 ) is assembled and secured with methylmethacrylate cement (Fig. 3) . Suction drainage is applied before closure of the soft tissue and removed two or three days after operation.
No intravenous antibiotics or external immobilisation is necessary. Active physiotherapy and mobilisation, initially partial weight-bearing, are started after 48 hours. Patients are usually discharged, fully weight-bearing, within eight to ten days after the operation. They are readmitted for one week for intensive physiotherapy six weeks after the operation.
In 16 patients with either Ewing's sarcoma, osteosarcoma or malignant fibrous histiocytoma chemotherapy was begun while waiting for the prostheses to be manufactured, and continued postoperatively. Adjuvant post-653 THE OUTCOME AND FUNCTIONAL RESULTS OF DIAPHYSEAL ENDOPROSTHESES AFTER TUMOUR EXCISION VOL. 78-B, NO. 4, JULY 1996 Radiograph showing the proximal and distal clearance biopsy holes (arrows) with the lesion lying between.
operative radiotherapy was given to two patients, one with soft-tissue malignant fibrous histiocytoma with close margins of excision (case 2) and one with Ewing's sarcoma in whom the initial biopsy had been reported as an osteosarcoma (case 11). The patients were reviewed at intervals of three months for the first two years, every six months between two and five years after treatment and yearly thereafter. Clinical and radiological assessment was carried out at each visit to determine local or distant recurrence, function and problems with the prosthesis.
RESULTS
Outcome. The mean follow-up was 66 months (median 65; range 6 to 188). No patient was lost to follow-up and 15 (83.3%) had no evidence of local or metastatic disease. Three patients, two with Ewing's sarcoma (cases 4 and 15) and one (case 2) with malignant fibrous histiocytoma, died from metastatic spread to the lungs and ribs at 32, 5 and 12 months after operation, respectively. Only one (case 2) developed a local recurrence and this necessitated disarticulation at the hip before death.
There were no infections or wound complications.
Symptomatic mechanical loosening developed in six prostheses, three femoral (cases 1, 9 and 11), two humeral (cases 17 and 18) and one tibial (case 14). The last patient has had two revisions, the first when the prosthesis became loose after he had been hit by a car 11 months after operation, and the second three years later for aseptic loosening. One patient had loosening of the femoral prosthesis after a fall which resulted in a fracture of the femur (case 11). Revision was successful. Symptoms in the other two patients with loose femoral prostheses were mild and have not required revision. Shortening of the limb and osteoarthritis of the knee were the other significant problems. Medial compartment and patellofemoral osteoarthritis has developed in two patients with femoral prostheses (cases 3 and 6). The symptoms are mild, but in one patient the radiological signs of osteoarthritis are progressing. True limb shortening of 2.5 cm and 3 cm has developed in two patients (cases 11 and 13) and has been treated by shoe raises. One patient (case 4) had injection of cement into the hip due to perforation of the femoral neck during reaming, requiring a further operation for its removal. Function. The patients were assessed using the modified Enneking functional scoring system (Enneking et al 1993) . In the 13 surviving patients with tibial or femoral diaphyseal endoprostheses the mean score was 84% (63 to 93); 83.5% femoral, 86.5% tibial). Ten had achieved 80% or more of their premorbid functional capability. Flexion of the knee beyond 100° (mean 120°) was achieved in 12; the other had only 30° of flexion due to radiation-induced stiffness. Full knee extension was obtained in all the patients and 11 had no extensor lag. Limitation of movement at the hip was seen only in the patient (case 4) who had accidental injection of cement into the joint. The two patients with humeral endoprostheses had excellent shoulder and elbow function with overall functional results of 70% and 77% of their premorbid function. Table II summarises the outcome in all the patients.
DISCUSSION
The principal aim of limb salvage is to preserve function without compromising survival. The reconstruction must allow optimal use with minimal risk of failure. In our series of patients, mostly with high-grade malignant tumours, the 83% survival over five years shows an improvement in life expectancy compared with the 30% after amputation and the 20% after excision reported about 30 years ago by McKenna et al (1966) . Many other studies have also shown similar improvements in life expectancy, suggesting that modern chemotherapy and imaging techniques are largely responsible (Dick, Malinin and Mnaymneh 1985; Link et al 1986; Eilber et al 1987; Gebhardt et al 1991) . Although the overall survival and the disease-free interval of patients treated by limb salvage are now similar to those treated by amputation, there is possibly a small increase in the risk of local recurrence (Marcove and Rosen 1980; Simon et al 1988; Eilber et al 1987) . Only one of our 18 patients (6%) developed local recurrence, an incidence slightly less than in other similar series of limb salvage in the leg (Simon et al 1988; Gebhardt et al 1991) . With the improving resolution of modern imaging, good patient selection, increasing surgical expertise and treatment at national bone tumour centres this low level of local recurrence should be easily obtainable. Limb salvage of any sort is contraindicated if there is invasion of the neurovascular bundle by the tumour or when resection of the tumour would result in the removal of so much muscle as to render the limb functionless.
The large size of the skeletal defects which require reconstruction limits the use of vascularised or non-vascularised autologous bone grafts because of their restricted donor sources. When the defects are small reconstruction with autologous grafts is preferred, but in other cases the choice is between the use of allografts or prostheses.
Intercalary allografts offer excellent functional results (Mankin et al 1982; Bloem et al 1989) but the complication rate is about 50% within the first two years of operation and 70% of patients require additional procedures to achieve adequate reconstruction (Mankin et al 1982; Gebhardt et al 1991) . Infection may occur in as many as 30% of cases ( 1991). The immunosuppressive effect of adjuvant preoperative and postoperative chemotherapy may result in a higher chance of infection and delayed bone healing in these patients (Burchardt, Glowczewskie and Enneking 1983; Lord et al 1988; Hernigou et al 1991) . We encountered no deep infection and believe that this was due mainly to avoidance of the use of dead bone and the continuous infusion of intravenous antibiotics throughout the operation. The latter maintains a better constant tissue concentration of antibiotics than bolus injections (Carter et al 1990) . Bone transport by the Ilizarov method has proved useful in the reconstruction of post-traumatic segmental bone defects but the procedure is time-consuming and associated with a high morbidity (Green et al 1992) . Its use in patients undergoing treatment of malignant bone tumours is limited by the large defects often created and by the adjuvant treatment often being given to the patient.
Only six patients (33%) have so far required additional operations although we expect that more will do so. The first patient operated on 16 years ago has maintained a satisfactory result (case 5). Two of the revisions have been necessary after external injury, due to a road-traffic accident and a fracture of the femur.
An interesting observation in many patients is the development of a bone bridge linking the medial border of the proximal and distal bony fragments (Fig. 4) . It is not clear why this develops but it is thought to be due to the bending moment in the region of the neck of the femur resulting in the transmission of increased load along the medial aspect of the bony fragment and prosthesis. It is possible that the bone bridge may shield some stress from the prosthesis and thereby prolong its life. This bone formation may be further stimulated by coating the whole length of the prosthesis with hydroxyapatite.
Of the two patients with significant true limb shortening, one (case 13) was nine years old when diagnosed four years ago. The lack of growth is due to inhibition of the distal femoral epiphysis adjacent to the methylmethacrylate. She manages well with a shoe raise. If the leg-length disparity becomes worse epiphysiodesis may be required at the lower end of the opposite femur. The second patient developed shortening of 2.5 cm after a revision for mechanical loosening. He is also managing well with a shoe raise.
The development of osteoarthritis of the knee in two patients, although mild at the moment, is worrying. It is not due to malalignment. The degeneration appears to be progressive in one patient and ultimately a total knee arthroplasty may be required.
Limb salvage offers the potential benefit of preservation of function compared with amputation. Our patients compare favourably with those with allografts (Mankin et al 1982; Bloem et al 1989) , but allograft reconstruction requires a prolonged period of non-and partial weightbearing and the use of external immobilisation in some cases. Patients with endoprostheses recover mobility more quickly and obtain full function by 12 weeks.
The two patients with humeral diaphyseal endoprostheses achieved acceptable function but early loosening occurred within 18 months in both cases. The excellent shoulder and elbow function in these patients may result in abnormal rotational stresses at the cement-prosthesis interface resulting in loosening. Allografts may prove a better option. Conclusions. Limb preservation has become established for the treatment of bone cancer. For the lower limb, prosthetic reconstruction after excision of diaphyseal tumours offers good oncological and functional outcome comparable with, if not better, than the other means of reconstruction particularly for large defects. Preservation of the joints above and below the prosthesis is worthwhile and Anteroposterior (a) and lateral (b) radiographs of a bone bridge between the proximal and distal bone segments.
improves function and the longevity of the prosthesis. In the upper limb the functional results are good but are limited by early mechanical loosening.
We acknowledge the pioneering work of Rodney Sneath and John Scales in developing these prostheses. No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
